
Apparatus1. 

Gas equipped wth recorder2. Detector, 

Electron Capture3. Gas 
columnsTwo 

unlke columns of 
non-polar 

and type sutable forpestcide analyss (e.g. glass 1/4 x 6 
ft packed wth 0%DC200 flud on 80-100 mesh 4. 500 ml 

glssware 
5. column 400 x 22 (tes wth adapter.hose 

connector type 85030)6 Separatng funnel 250 ml 7. 

Evaporative Concentrator 8. Concentrator tube graduated In 0.1 ml to 
1 ml 9. funnels (125 ml, 1000 ml 

with 

10. Volumetrc flask 250 ml11. Grade 
(60-100 

mesh) prepared after the method of Hall 

(44)12. Slcc acd, 100 mesh13 Glass Wool - extracted14. Centrfuge 
tubes 

40 l 15. Extractor, 250 ml16. wth control bar, 
extracted17 

1 gallon sample bottles 

wth caps18. 10 ml transfer ppette19. 55 washed20. Ar regulator46 



Reagents, Solvents, and Standards1. 

Sodum chlorde ACS saturated soluton2. 

Sodium ACS granular anhydrous, condtoned for 4 at 400°C3. ether - 4. 

Ie, chlorde, petroleum 
ether 

30-60°C) - pestcide grade5. Standards - appropriate and for elements 
InquestonIbration1. Gas 

condtons were consdered acceptable when response to was 0% of full 
scale 

for 

1 
Injecton(full 

scale - 1 x l0"9 amp). Detector response for quanttatve work waskept 
n the demonstrated lnear range.2. Standards were injected frequently as 
a check on detector and column sta¬blty.Sample Preparaton1. Adusted to 
near 7.0.2. If the solids content of 

the combined sewer overflow sample was hgh aswith sludges and some Influent 

samples), 

lquidqud partton 

was notpossible due to 

emulson 
formaton. Under these condtons the samplealiquot was and the supernatant 

treated as detailed in theextraction section below. The solds were 
combned wth anhydrous NaS04and extracted as dscussed below.3. For a 

senstvity of 1 sample were between 50 to 100 l. on1. Two methods of 
extracton could be employed dependng on the nature of thesample. Unless 
the sample appeared to be low n 

solds 
and suchas a well treated effluent saple, ft was necessary to 

separate 

the 
soldsfrom 

the lqud and extract each separately. The extracts could then becombned 
and concentrated as a sngle extract2. Liqud lquid extracton was employed 

for samples of low solds and or¬ganc content. Te procedure used for 
lquid-lqud 

extracton s de¬scrbed as o)lows:47 



Place an alquot of the sample in one liter funnel andmake the 
column up to 500 ml using distlled water. Add 30 ml of 15 chlorde 

(V:V) and shake vigorously for two mnutes.Allow the phases to separate and 
dran the water layer into cean flask. Pass the organic layer 

through a 3-4" column of anhy¬drous and collect in 500 ml flask. Return 
the water phaseto the funnel and rnse the wth a second 30 mvolume 

of solvent. Add the solvent to the funnel and com¬plete the extracton 
procedure. The water phase should be extracted wththree 30 m of 

solvent. Concentrate the extract on a waterbath to 5 ml3. f an emulson 
was formed between the water and solvent phases, It wasnecesary to 

remove the 
solds 

usng the followng procedure:Place sutable of the hgh solds content 
sample In clean washed) glass centrfuge tubes. Decant the 

supernatant 
nto aone lter funnel and extract the pesticdes as outlned 

In 
Item above.Remove as much of the centrfuge cake as Is possble wth 

a glass rodand combne it wth washed anhydrous sodum a largemortar 
and pestle. Work the sample to free flowng dry state by contn¬uously 

adding small amounts of anhydrous sodium Add a smallamount of sodum 

to the centrfuge tube to dry any remaningsample and ad n reovng It. 
Combne 

all the dried sample and pour tinto glass extraction thmble. 

To prevent the dred samplefrom packng too tghtly layer glass beads 
at 

about l nch Intervals Inthe extraction thmble. Place the flled thimble 
n apparatusby pouring them through the flled extracton thimble. 

Extract thesample for 6 to 8 hours. Take the extract Just to on a 
waterbath 

in a assembly, cool and wash the assembly with andadjust sample 
to 5 ml.4. The concentrate was analyzed quanttatively to 

determine:a. 
If pestcdes were presentb. If were presentc. Combnaton of a 

and bd. If eemental was presente. If response was too complex to 
determne a, b, or c5. If 

a, 
determned pesticdes.6. f b, determned 7. If c, compared 

peaks obtained to standard and determined 
whch were present. If peaks 

were analogs of 1254 
and1260, the were separated from 

and Its analogs by the of column and slcc add column 

technque. If other analogs were present, 
further 

confrmaton wth the 

mcro-alkalitechnque was employed.8. ld, remove 148 



9. If e. the applicable separaton procedures descrbed below were 
followed.Cleanup 

and Separaton Procedures() 

Partton for removal of fats and ols. (note: notall pesticides are 
quanttatvely recovered by ths procedure.Effcency of parttonng 
for pesticides of Interest should bedemonstrated)Transfer the 5 
ml concentrated 

extract to 125 ml funnel and add enough washngs o brng 
volume to 15 ml.Extrac the sample wth four 30 ml portions of 

saturated by shaking vgorously for one mnute. Combne andtransfer 
the phases to a one liter funnel and add 650 ml of dstlled 

water. Add 40 ml of satur¬ated sodium chlorde soluton. Mx 
thoroughly and extrac wthtwo 100 ml portons of Combine the 

extracts ina one lter funnel and wash wth two 100 ml portonsof 
water. Dscard the water laer pass the layer througha 34 Inch 

sodum column into a flask and rinse thefunnel and column wth 
three 10 ml portons of Concen¬trate the extracts to 6-10 ml 

and analyze via unlessfurther cleanup Is requred.(I) Interference 
- Elemental Is encountered n mostsedment samples, marine 

algae and some Industral wastes. Thesolublt of In varous 
solvents 

Is very smlar to the 
and 

pestcdes; therefore, the Interference follows along wth the 
pesticdes throughthe normal extracton and cleanup technques. The 

wllbe qute evdent In gas obtaned from electroncapture detectors, 
flame photometric detectors operated In the or phosphorus 

mode, and electrolytic conduct¬vity detectors. If the gas 
s operated at thenormal condtions for pestcde analysts, the 
Inter¬ferenc can completely mask the regon from the solvent 
peakthrough This technque elmnates by the formaton of copper 
on the surface of the copper. There are two crtcalsteps that 
must be followed to remove all the (I) alloxdes must be 

removed to gve copper a shny, bright appear¬ance that would 
make It hghly reactive; (II) the sample ex¬tract must be 

vgorously agitated 

wth the reactve copper forat least one mnute (46).t wll 
probably be necessary to treat both the 6 and 15 with copper f 

crystallze out uponconcentraton of the 6 Certain pesticdes 
wll also be degraded by ths technque such149 



as the and (seeTable However, these pesticdes are not 
likely to befound in routine sediment samples because they 
are readily de¬graded In the aquatic envronment.If the presence 

of is indcated by an exploratory 

injec¬ton from the final extract concentrate (presumably 5 ml) 
Intothe gas proceed with removal as follows:a. Under a ntrogen 

stream at ambient temperature, concentratethe extract 

in the concentrator tube to exact 1.0 ml.b. If the concentraton 
Is such that crystallizatonoccurs, carefuly 

transfer 

by syringe, 500 p of thesupernatant extract (or a lesser 

volume if depostis too heavy) into a glass-stoppered. 
12 ml graduated,conical centrfuge tube. Add 500 of c. 

Add 2 of brght copper powder stopper and mx vgor¬ously 
one mnute on a Vortex Gene mixer,NOTE: The 

copper 

powder as received from the uppier mustbe treated for 
remova of surface oxdes with 6N HN03.After 

about 30 seconds of exposure, decant off acid,rinse several 
tmes wth dsted water and finaywith acetone. Dry under 

a nitrogen stream.d. Carefully transfer 500 of the 
supernatant-treated ex¬tract Into a 10 ml graduated 
evaporation concentrator tube.An 

exporatory 

Injecton Into the gas at thspont wll provde nformaton 
as to whether further quantitative dluton of the extract Is 

requred.NOTE: f the volume transfers gven above lowed,a 
fnal 

extract volume of 1.0 ml wll be of equalsample concentraton 
to 4 ml concentrate of the cleanup 

fraction.(ill) 
Column Cleanup - Place a charge of actvated 

(the weght of the charge Is determned by Its 
AddValue, see Hall (51 In the column and settle 
bygentle tappng. Add a 1 cm 

layer of anhydrous sodum and pass 5060 ml of petroleum ether through 
the column. Whenthe petroleum ether Is about 5 mm from 

the sodium transfer the sample extract by and petroleum 
etherwashings to the column and wth the followng mxedethers at 

5 ml/mnute. (NOTE: For both column procedures the rate s 
important. To quickly adust thisrate the ower part of a broken 

25 m burette equpped with paced between the column and the 
receivingvesse s most useful in making repetitive low 

adjustments withoutlosing Collect each in a 500 m] flask.50 



Table EFFECT OF EXPOSURE OF PESTICIDES TO ERCURY AND 

COPPERCompound 

DT 

1254 

IonPercentage 

Recovery 

Basedof Duplcate 

TestsMercury81.275.739.85.569.192..7.190.879.87.197.10on 



To the frst (6 add 200 ml of 6 ethyl ether Inpetroleum ether 
second 200 ml ethyl ether Inpetroleum ether. Most pestcdes of 

Interest wll be in these Refer to Reference 52 for more 
detals,6 

DDE Ml rex % Concentrate the 

and 

analyze 

by Slcc Add Coumn Separaton 
ProcedureA. Slcc Add 

Preparatona. 
545 must be oven dred 

and free of electroncapturng 

substances (add washed).b. 

Add 
Oven 

dry for a mnmum of 
seven 

hoursat 130 C 
to 

remove 

water. Cool the slcc add andwegh nto a 

glass 
stopper bottle and add 3% water.Stopper 

bottle and shake well. 
Allow 

15 hours forequlbrum to occur. Determne separaton 
achevedby loadng 40 of ?1254 and 

pp *DDT In on the column. Inadequate separaton wllmean 
readjustment of the water content of the slcicadd 
In recommended ncreents of 0.5. More waterIs 

requred when th PCB In the polar solventwth pp DDE; 
less water when pp DDE In thepetroleum ether 

porton. 
Standardzation is requredfor each new lot of 

scc add purchased. Once abatch of slcc add Is 
activty remansfor about 5 days.B. Column Preparaton - 

Wegh 5 of and 20 ofslcc add and combine a 250 
ml beaker. Immedi¬ately slurry wth 80 ml of petroleum 

ether. Transferthe slurry to the column, keepng 
the open. Str the slurry In the to removear bubbles, 

then apply ar pressure to form the petroleumether 
through the column. Do not allow the column 

to152 



crack or go dry and dose the when air pressureIs not 
being appled. Stop the flow when the petroleumether level 

Is 3 mm above the surface of the slcicadd. The 
adsorbent at this pont should be frm andnot loose 
shape 

If tapped.C. Patterns 

- Large amounts of or pestcdesplaced on the column wll 
result In incomplete separa¬ton. The extracted sample 

placed on the column shouldcontan no polar solvents and 
be 5 ml in volume.Place 250 ml volumetric flask 

beneath the column andcarefully add a suitable alquot 
of the 6 takng care not to disturb the surface of 

theslcc add. Apply slght ar pressure untl the sol¬vent 
level Is each 3 m from the surface of the slccadd. 

Carefully poston the 250 ml funnelcontainng 250 ml of 
petroleum ether on the column and allow the petroleum 

ether to run down the sdes of thecolumn until the space 
above the slcic add is onehalf full. Apply ar pressure 

and adjust the flow rateto 5 When exactly 250 
ml are collected, re¬place the volumetric flask wth a 
500 ml flask and @ wth 200 ml of chlorde, hex-ana 

and (80:19:1. to recover the pest¬cides. uantitatvely 
transfer the petroleum ether the PCBs to a 500 ml 

and concen¬trate both to 5 ml. Analyze va NOTE: theseparaton 
between the and pp DDE Is very narrow;great 

care should be exercised In adjusting the flow rate 
and volume of the petroleum ether porton.Petroleum Ether 

22 25452 1260 262Poar Ie, Chlorde, 242 1248 ppDDE 
a. These dvde between the two Theearlest peaks may 

occur In the polar 53 



D. Confrmation Technques - Qaltatve confirmation bycomparng 
relatve retenton time of the const¬tuents on two 

or ore unlke columns Is suggested as aminmum crtera for 
Identfcation after appropratecleanup and column If 

an analog whch does not completely 

occur Inthe petroleum ether Is suspected,the procedure 
Is strongly recommended (seeYoung et al (49 In any 

event such technques add greatly to the relability 
of the resdueanalyss In the absence of more 

sophisticated 
mass Instrumentaton.BENCH SCALE TEST METHODSGravity 

Slude ThickeningThe bench scale tests described herein 
can be used to 

determine 

whethersludge is 
amenable 

to thickening by 
gravty 

sedmentaton with or withoutchemical aids. Data obtained usng.this 
procedure can be used for designof gravty thickening equipment. An example 

of desgn usingthe & (8) and (9) methods s presented.Procedure-1. 
Obtan 

a sample of the sludge at the concentration typicalof the expected 
ludge concentration,2. Obtan a sample of ths sludge for 

anayses 

(suspended 

soldsand total sol ids)3. Measure and record n centimeters 
the dstance between the 100 mland 

1,000 ml marks on a lter graduated cylinder.4. Fill the cylnder 
with sludge to 

the 
1.000 ml mark.5. Start the stopwatch.6. Record the position of the 

interface (in ml) wth respect totme (In minutes). 

Continue recording at 2-10 min. Intervals(or more 

frequently 
if necessary) 

for 
2 hours or unt nofurther settling or compacton occurs.7. 

During the above (step 6) set aside the remaining sludge sample 

andallow It to settle for approximately 2 hours After 
that 

timedecant off the supernatant and 

save t for diluton water. Measurethe total volume of supernatant and 
the total volume of settled154 



sludge and record. Obtain a sample of the settled sludge (250-300 
ml)for 

analyses (suspended solids total solids, and specfic gravty)8. 

Conduct settlng rate tests at several concentratons between theorgnal 

(C) and the settled sludge concntratons. Theseconcentratons 
are obtained by approprate dlutons of the settledsludge wth the 
supernaant. These dlutons should cover he com¬plete range between and 

C Recommended values are obtained byusng the concentratons of C 

° C-r(C"C); where T Is an arbi¬trary factor value of which can be 

selected to provde suitable con¬centratons between and For example 
can have values suchas 0.25, 0.5 and 0,75. The proper dlutons 

can then be made usngthe following equatons.The ntal sludge 
concentraton, 

can be expressed 

as:C V.where solds concentration of the orignal sludgeC 

solds 

concentraton 
of the supernatant (assumed 0) solds 

concentraton 
of the setted sludgeV. total volume of sudge before 

settlng V- volume of the supernatantV- 

fnal sludge volume after settlngorc c1 V "fOne 
lter 

of sludge of the desired 

concentration s obtained using 
thefollowng 

equaton: 
1000 

Cwhere 
M- ml of settled sludgM mlof supernatantC ° desred concentratonor 

000 (C"r or 

Substtutng 
for C. 

and simplfying M 1000 (1"r) r 

— 55 



Add Mr ml of settled sludge to a 1 ter graduated cylnder. Fll to the1000 

m mark usng the supernatant. x thoroughly start the stopwatch andrecord the 
positon of the Interface with respect to tme. These tests canbe run for 

a shorter perod of time because only the ntial settlng rates of mportance 

and the later compaction rate Is not needed. Repeat forall values of r. 

After settlng, mx thoroughly and obtan a sample forsuspended sol 
Ids.Gravty 

Thckenng With 

Chemcals - Chemcal additon may improve thickenngor properte of sludge by 
formng a flo and ncreasing thesettng rate. The Inta step In testng wth 

chemcas 
Is to screen chemcals for effectveness. Among chemicals that can 

be 
screenare FeCI lme, alum, and and Screenng tests are normally conducted 

in 100ml graduated cynders usngvarous dosages of chemcas and chemcals. The 
test ofeffectiveness In these screenng tests Is the vsual observaton of 

floformaton. After selecton of the chemical or chemcals settlng ratetests 
are conducted in liter graduated cyinders at a wde range of 

chemicadosages. 
A graph of the settlng rate versus chemical dosage generally 

yeldsa curve of the folowng form. ingRateChemca DosageThe optmum chemcal dosage 
s at or near the break pont of the curve i.ethe point at whch additonal chemcal 

Increases the settlng rate 

onlyslghtly 



The dosages calculated n the above manner are those that are used on 
thesludge samples after mxng the settled sludge wth the supernatant.Chemcals 

are added after the sludge Is mxed to the dsred concentration.The checal 
Is mxed wth the sludge flocculated necessary and settledas descrbed 

previously. The same mx tme and tme must beused for the entre seres.Data 
Analyss l. Plot the data 

obtained 
from the 

settlng tests. I.e. poston of theInterface In ml versus tme In mnutes. 

Each graph wll have thefollowng configuration:Positonof 
theInterfaceTmeThe 

settlng rate 

Is the 
lnear 

portion 



(Mass Loadng)kg/da 



where A surface area required for clarificaton, mQ 
effluent flow rate, eS. settlng 

rate at the feed sudge concentration, DISSOLVEDAIR 
FLOTATION 

SLUDGE THICKENINGIt has been Indcated 

that dssolved-ar flotation may be used as a methodof thickenng sludge to a 

hgher solds concentraton In relatvely shorterperods of tme than other gravty 
thckenng methods. Flotaton may beappled to the concentraton of sewage 

plant sludges as wel as Industralwaste sludges.Bench scale studies are 
Invaluable in 

determning the amenablty of dissolved-air flotaton to sludge thckenng and In 
obtanng 

certan basic processand equipment desgn data. Set forth below Is a 
test procedure for conductngsudge thckening tests usng dssolvedar flotaton 

(53).Fnal effluent or prmary effluent shoud be used as a source 

of pressurzedflow. f another source is used as pressurized fow. the source 
should beIndicated.The rate of solds separaton wll be obtained by performing 

actual 

testsusing the approprate expermental apparatus. As a part of these 
tests, 

thefollowng data should be obtaned:a. Floated sludge volumeb. Settled 
sludge volumec. Flotaton detenton 

tmed. 
Volume of waste sludge 

usede. Volume of 
pressurzed flow usedf. 

Concentration 
of combned flowThe test 

conducted to obtain the above data 
should be performed In one 

ltergraduates. 
Obtan the vertcal dstance between the 100 ml mark and the 1,000ml 

mark In Inches or other convenient unts and record.1 Procedure1. Rate of solds 
separatn test:The rate of solds separaton of the 

major 

porton of the waste 

sludgesolds Is obtaned by 
observing 

the solds-liqud interface durngfotaton and recordng ts upward travel 
with tme. Ths test shouldbe performed In a one-lter graduate.2. 

Waste sludge volume:The amount of waste sudge to be placed Into the 
one-lter graduatefor thckening will 

vary 
wth the Intal waste 

sludge solds concentraton59 



and with the rato of presurzed flow volume/waste sludge volume to 
beusedLet 

the amount of waste sludge to be placed Into the one-lter graduatefor 
the test be calculated as follows:Y 

2Y 1where 

volume of waste sludge to be placed n graduate, mlY ° percentage 
waste sludge solds concentratonV total volume 

of waste sludge and pressurzed flow (usually1000 ml)For 
example, 

assume 
the waste sludge to be thckened has solids of From the equaton 

above, the amount of waste sludge to beplaced in the graduate Is 333 ml, 
when V 1000 ml.The weght of the sludge the 

graduate 
should be obtaned and recorded.The weght of the sludge may be obtained 

by frst determning the graduatetare (weght of empty graduate) on a 
laboratory beam balance. Record thegraduate tare. Then. smilarly obtan the 

weght of graduate containngthe sudge to be thickened. Obtan the sludge 
weght by dfference andrecord. The sludge In the graduate Is now ready 
for the addton ofpressurzed fow.3. Pressurzed fowThe fotaton pressure 

ce Is fled 

approxmately 
fulwth 

relatively solds-free water. The cell cover s secured, and ar isInjected 
Into the cell usng compressed ar or a tre pump until a pressureof 40 

Is 
attaned. The cell Is then shaken vgorously for about 30econds to facilitate 

soluton of ar In the pressurzed flow source. Openthe dscharge valve 

located on the pressure cell and fll the attachedrubber tubng wth ar-charged 
flow. Check the qualty of the ar bubblesformed. The rubber tubng Is 

then inserted Into the graduate (all the waydon to the bottom of the 
raduate) containng the waste sludge to bethickened. The pet-cock on the 
pressure 

cell is agan opened and the press¬ured flow Is allowed to enter 
the graduate at the bottom and mx wth thewaste sludge. Presurzed flow Is 

added untl the combned volume Is1000 m. Move the tubng up and down In the 
cylinder to assure competemixng. It Important that the pressure of 40 

be mantaned durngthe release of presurized flow Into the graduate.Determine 
the total weght of the contents of the graduate and record t.Also 

determine weight of pressurzed flow used by 
calculation 

and record It60 



4. Rate of solds separaton dataAt 

the begnnng of the test, the solds-lqud Interface Is at the bottomof the 
graduate or at zero volume. As flotaton progresses, the solds-liqud 

interface moves progressvely up the heght of the graduate.The rate of 
rse of the major porton of the solids Is recorded.At tmes the 

solds-lqud 
Interface may be vague and good judgment mayhave to be exercsed 

In folowng ths Interface. Care should be takento avod followng the 
interface formed by the air bubbles alone. Ingeneral ths nterface lags 

behnd the sol Ids-1 Interface.The form whch may be used In 
obtanng 

the rate of separaton Is suggestedby the example. The fotaton detenton 

tme should be 60 mnutesTie Volume (Poston of Interface)(mn) (ml) 

(ft)00.51.01.52.03.04.05.00.015020.030.040.050.060.0017032043054062065568075078079581085086587000.2070.3790.5040.6280.7180.7560.7840.8650.8890.9170.9340.9800.9951.000The 

ultmate 

data 

desired 
Is 

the 

poston 
of 

the 

interface 

at 
varous 

tmeIntervals 

throughout the test. The column above labeled Volume" s usedas a convenent 
means of obtanng the poston of the Interface at anygven tme. For example 

the hypothetcal case shown above, the positonof the Interface at 
any gven tme may be convenently obtaned usng theapproprate graduaton mark 

on 
the lter cylinder as reference. After theflotaton test. the graduation 

marks may be converted to meters of heghtby actual measurement.5. Analyses 
of dataThe data derved from the bench testng Is then used to estimate 

the scumconcentraton at 

varous mass loadng 

rates. Ths data Is then graphcallyplotted. Optmum overflow rates are then 
selected from ths plot for thedesgn of dissolved-ar flotation 61 



CENTRIFUGE TEST 
PROCEDUREThe 

purpose of ths test Is to determine the dewaterng characterstcs ofsludge 
by centrfugation. Data obtaned include the effects of centrfugalforce, 

the effect f resdence tme, estmates of solds recovery sludgeconcentraton 
and sludge consstency. Procedures were developed by (54).ProedureApproxmately 

2-4 

lters 
of 

sludge are requred to run a complete test seres.If the sludge contains large 
or strngy materals It should be on a coarse screen to avoid erroneous 

results1. 
x the screened sludge wel and obtan a 

sampe.2. Place 75 ml of sludge Into each of the 
centrfuge 

tubes. NOTE:It s important that balanced amounts of samples 
be placed inopposite centrifuge tubes. Sample sizes other than 

75 ml may beused but th amount must be the same In opposing 
centrfuge tubes.3. Place In the centrfuge and spn for a predetermned 

time at therequired centrfugal force. Suggestons for spn tme are 

30 seconds,60 seconds. 90 seconds and 120 seconds. Suggested centrfugal 
forcesare 400 600 800 and 1000 The step by step procedure 

forths 
test uing the (manufacturer of the centrfuge) Model centrfuge 

Is as followsa. Pace the fed centrfuge tubes In the head.b. Turn 
the tmer dal clockwse to the 

"hold 
settng.c. Determne the requred to obtan the 

desred centrfugalforce usng Fgure d. From Fgure 
determne 

the settng on the speed controwhch will yeld the requred wth 
the number of 

centrifugetubes 
used.e. Close and lock the centrfuge cover,f. turn 

the speed control knob clockwse to the requiredsettng smutaneously 
startng 

the stopwatch. At the end of the 
predetermned 

spin tme turn the speedcontrol knob counter-clockwse to 
zero and Immedately applythe brake untl the 

head 
stops.4. Record the sludge depth on data sheet.62 







5. Pour off the from the tubes nto a graduated cylinder.Record the 
appearance and the total volume. Mx well andobtan a sample of 

the 6. Determne the consistency 

of the sludge using the glass rod (4 mm x40 mm, gm weght). Poston 
the 

tp of the rod at the sludgesurface. Drop the rod from this 
postion, measure and record thedepth whch is penetrates.7. Repeat 

steps 2 through 6 for all 

test conditons.8. f chemcal conditonng Is desred, 

determne 
a suitable chemicadosage for flo formaton. Dose each sludge 

sample wth the samechemcal dosage Immedately pror to each 
centrlfugatlon 

condtonutlzng the same mxng tme, degree of agtaton and 
holdngtme 

for each test. Repeat steps 2 through 7 or these tests.Data 
Analyss1. Estmat the percent solds recovery for each test 

utlzng 
thefollowng 

equaton:C- C x 100% Recovery ————S————"fwhere C- suspended 
solds concentraton 

In the feed 
sludge (mg/1)C 

suspended 

solds concentraton In the (mg/1)C2. Estmate the sludge solids 

concentraton usng the followng equaton: - Cf - Cwhere 

C fnal sludge suspended solds concentration (mg/1)C- feed sludge 
suspended 

solds 
concentraton 

(mg/1)C suspended solds concentraton In the (mg/1)CV- total 

feed sludge volume (ml)V total volume of decanted 

(ml)Ths parameter s only an Indcator of the relatve IItyof 

the feed sludge at various operatng condtons.3. 

Calculate the sludge penetrablty to 
determne 

correcton factorfor solds recovery usng:65 



———E 

100where 

sludge penetrabltyd 
depth 

of sludge after depth of penetraton 

of the glass rodThe factor Is the 

percentage of the total sludge depth notpenetrated by the glass 
rod.4. Plot the recovery 

and penetrablit verss the centrfugal force(x gravty) at constant spn 
tmes on log probablty paper 

asbelow:PercentRecoveryPenetrablityCentrfugal 

force 



2. Analyze the sludge to be fltered for solds content.3. 

Measure a volume of sludge that wll provde a 3 mm to mm thckcake.4. 

Select 
the condtoning chemicals to be utlzed and add predeter¬mned amount 

to the sludge to be condtoned. Ths shoud be reportedas kg chemcal/ton 
sludge dry solds.5. Agtate the 

volumetrc 
flask vigorously and allow the sludge to sittwo mnutes. Always 

agtate the sludge approxmately the same amountfor any one test 
series.6. 

Add the to the 

funnel 
and quickly apply vacuum. As soon asvacuum is applied start the 

stopwatch. A vacuum reservoir may beneeded to hold a constant 
vacuum.7. Take filtrate voume 

readings 

with respect to tme.8. Continue the test unti the 

cake cracks, or no fltrate is depositedfor one minute interval. Usually 
five minutes Is sufficient. Besure the cake do not shrink from 

the sides of the funnel.If t does tap the edges of the cake to mantan 
seal.9. Sample cake for total solids.0. Record fitrate 

vacuum evel, and cake 
thickness.. 

Pot a curve of tme/volume filtrate vs. volume filtrate and 

recordthe 
slope of the curve. The slope recorded hould include ony thelinear 

porton of the curve.a 0where a specfc resistance in sec/9P 
vacuum level in cmA area 

of 
funne in 

cmb slope of vs. v curve in sec/cm 
ty n Poise1 1/[C - Intia 

sludge moisture moisture concentration 
n cake 12. Repeat steps I through 

12 for several dosages 
of the same chemcal.13. Plot specific 

resstance vs. chemcal dosage. 
The mnmum pontobtaned on the curve Is 

the 

optmum chemical dosage for thechemical tested.67 



Flter Meda Selecton Test Procedure1. 

Select a cloth for testing n accordance with informaton avalableon 
chemical 

and physical conditons, sludge type and propertes,and 
parameter 

quaties desired.2. Mosten 

the doth and place It in a funnel. Apply a vauumto obtan a seal.3. 
Analyze sludge 

sample 

for solids content.4. Measure a volume 
of 

sludge equivalent to a cake thckness of 3 to 6 mm.5. Condton te ludge 
wth 

the 
optmum chemcal dosage determnedfrom the Funnel test as descrbed 

that test procedure. Add th sludge to th Funnel. Apply a vacuum 

of about 50 cm and start the stpwatch.7. Measure the to collect 100 
of fltrate, 150 of 

fltrate,and 
200 of fltrate. Dscontnue test after 5 mnutes.8. Remove the 

cloth and measure cake thckness.9. Note cake release as 

follows:excellen cake peels off medum peces wth 

slght amountof spatula ad.far - 

cake must be taken off medum pece by pece wthspatula.poor - 
cake 

wll not come 

off medum even wth maxmumspatua use Some solds left on 

medum.10. 

Analyze the cake for solds content and the fltrate 
for suspendedsods.11. Wash the flter cloth 

on both sdes wth an Intense water spray for5 seconds.12. Determne If 
any 

solds 
are deposted In the cloth nterstces byeye or mcroscopc evaluaton.13 

Rpeat 
steps 

to 12 three tmes utlng the same sample medum.4. Run a standard 
test on the sudge at optmum 

chemcal 
dosage usng flter paper and a 50 cm vacuum.168 



Vacuum Flter Leaf Test Procedure1. 

Condtion approxmatel 20 lers of sludge accordng to Funnel test 
results.2. Place cloth 

selected from meda screenng test on the flter leafand attach leaf 
hose to fltrate recever.3. Crmp the hose 

connectng 
th leaf to the vacuum source and setvacuum to desired lvel 

wth the bleeder valve.4. Immerse the leaf In 

the 
sludge so that the surface of the leaf istwo to three nches below 

the sludge level. Release the hose andstart the stopwatch 
smultaneouly.5. Keep the leaf submerged 

for a predetermned pckup tme obtanedfrom prelmnary tests. For thn 
sludges, move the leaf slowlyIn a horzontal plane wth a circular 

wrst movement at a rate ofapproxmately 6 In thck sludges, the 

leaf shoud remainstationary. Keep thn sludges mixed wth a small 
mxer. Thcksludges should be thoroughly mxed prior to the 

test.6. At the end of the pckup time, the leaf is 
rotated 

out of the bucket.7 The leaf Is then held wth the cake upward for 
the 

duraton ofthe dryng cycle. At the end of ths tme, vacuum s 
released.Adjust the vacuum as much as needed during the dry tme to 

mantanvacuum evel. Allow all fltrate to dran from the hose to 
thefltrate recever.8. Remove the cake from the flter leaf by blowng 

Into leaf hose 

anddslodging It wth a spatula Analyze the cake for total solds.Note 
cake 

dscharge and thckness9. Analyze fltrate for suspended solds, 
and record the fltrate volume.10. 

Analyze sods content of remanng sludge. Two to four tests maybe run on 
the 

same sample.Premnary Testng - n Intal test, submerge test leafs for 
varousperods of tme and 

note 
at what tme cake sloughng takes place I.e. sludgewll no longer buld 

up uniformly, but falls off when leaf Is removed frombucket. Ths Is the 
maxmum 

pckup tme. The mnmum pckup tme s thetme requred to produce a cake thck 

enough to dischargeUtlzng the maxmum pckup time determned above, perform 
a leaf test andallow the cake to dry untl It cracks or 

shrnks away from the edges ofthe leaf. Ths represents the dryin tme. Run 
the reainder of theleaf tests accordng to steps 1-1 In the range of these 

establshed pckupand dryng tmes.169 



Test Procedure1. Measure 
50 

ml to 100 ml into a 100 ml graduated cylinder and add apredetermned 
dosage of the chemcal selected2. Invert the 

cylnder three tmes, keepng the palm on the top of thecylinder. (Ths Is 
rapd mx.)3. Add any additonal 

chemicals In the order desired and repeat step 2.. Gently swrl the 

graduated 
cylinder wth the wrst for a predetermnedtme Interval. Observe the 

flo formaton.5 Repeat stps to for various 

chemical dosages, and compare thegraduated cylnders vsually to 
determn otmum chemcal dosage.Flo se supernatant clarty, and rate of 

flo 
formaton allhelp In determnng the optmum chemca dosage.6. 

Utlze any other chemcals desirable.170 



APPENDIX C. COST 

DATATable 

C-1 ASSUMPTIOS FOR EVELOPENT OF COST DATA1. 

Use 
a maximum sludge treatment tme of 24 hours.2. 

Assume 
50 combned sewer overfows per year.3. 

Capta 

costs for flotation thickening centrfugation and vacuumfiltration 
Include $3,000 for a Gravty fow assumed forgravity 4. Power 

costs - assume motors 

running at 75 of full load current. Use 3/.5. Assume $6,000 for chemical feed 

system.6. Chemica costs - polymer 
1.75/lb.lime 

$9.00/100 Ibs.ferrc choride: 
$6.5/100 Ibs.7. Assume 

3% of inital captal Investment 

for vacuum fiters to be theannual maintenance required. Also assume 0.5 

man hours per shift foroperator attenton.8. Area estmates are for 
equipment on.. Assume 

$0.0 per gaon for haung costs.0. costs 

based on $6 per man hour.11. All costs are 

basedon December, 1974 prces.7 
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Table DETAILS OF OPERATING COST ESTIATESFOR 
HUMBOLDT AVENUE, MILWAUKEE, 

WlOperatng 

Costs $/YeaDewatering 
Operatng MantenanceChemical Power TotalMethod tabor 

Costs Costs Gravty Thckenng 0 
570 

0 20 590Flotation Thickening 
1,800 

2,220 0 940 4,960Centrifugation 1,200 ,300 

1.520 340 4,360Vacuum Fltraton 2.00 
2.040 

4.000 210 8,65073 
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Table DETAILS OF OPERATING COST ESTMATESFOR 
CAMBRIDGE. 

MAOperatng 

Costs ($/Year)Dewaterng 
Operatng MaintenanceChemcal Power Totalethod Labor 

Costs Costs Gravity Thckenng 771 

0 30 801Flotatin Thickening 
1,800 

2.060 325 750 4,935Centrifugaton 1,200 1300 

115 340 2,55Vacuum Fltration 3,600 2.040 

000 314 9.95475 
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Tabe DETAILS OF OPERATING COST ESTIMATESFOR 
RACINE. 

WlOperatng 

Costs ($/year)Dewatering 
Operating MaintenanceChemcal Rower TotalMethod 

Labor Costs 
Costs Gravity Thickenng 0 

293 0 20 313Centrifugation 7.200 

3,160 0 2.430 12,790Gravty Thickeningand 

Centrlfugatlon 
1,800 1,813 0 931 54Gravity Thickeningand 

Fltraton 3.600 2,333 
.396 334 10,663Gravity.Thckenngand FotatonThckening 

1.800 2.961 372 
931 6.06477 
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Table DETAILS OF OPERATING COST ESTIMATESFOR 

HAWLEY ROAD. MILWAUKEE. 
Operatng 

Costs ($/Year) i i 

I i 1 Power IMethod Labor Costs CostsGravity Thickenng 0 

356 0 20 376Fotaton Thckenng 
1.800 

2.046 1.026 810 
5.682Centrifugation 

1.800 1,300 0 506 3,606Gravity Thickeningand 

Vacuum Ftration 3,600 2,596 4.003 

334 
10.333Gravity 

Thickeningand i Ion 1.80 1656 197 526 4.17979 
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Table DETAILS OF OPERATIG COST ESTIMATESFOR SAN 
FRANCISCO. 

CAOperating 

Costs ($/Year)Dewatering 
Operating Maintenance Chemical Power TotalMethods 

Labor Costs 
Costs Gravity Thickenng 

0 75 0 60 735Flotation Thickenng 

1,800 1,580 64 284 3,728Centrifugation 600 

1300 
127 169 2,196Vacum Filtration 

1.800 

1.860 3.731 209 7,6008 
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Table DETAILS OF OPERATING COST ESTIMATESFOR 
KENOSHA, Wl r 

Method 

LaborGravity 
Thickening 

0Flotation 
Thickening 

1,800Centrifugation 
7,200Flotation 

Thickenngand 

Centrifugation 
2,700Flotation Thickeningand 

Vacuum Filtration 
5,400Operatng Costs ($/Year) 

i 1 Costs877 .0732,320 
4.0143.400 

03.5604,7509.809Power 

TotalCosts60 

2.010709 

8.8432.430 

13,0301.047 

17,11613.458 
.023 

24.63183 
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Table DETAIL OF OPERATNG COST ESTIMATESFOR NEW 
PROVIDENCE. Wet Weather 

Prmary SludgeOperatng Costs 

($/Year) 

i MaintenanceChemcal 
Power 1Method Labor Costs Costs Gravity Thickenng 

0 413 840 
Flotation Thickenng 

1,800 

I,520 0 304 3.624Gravity Thickening 

1.200 1.593 840 104 3.737and 
CentrfugationGravity 

Thickenngand VacuumFiltration 1,200 
2.453 1,573 72 

5.29885 


